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Abstract Fusarium species are well known for their abundance, diversity and cosmopolitan life style. Many members 
of the genus Fusarium are associated with plant hosts, either as plant pathogens, secondary invaders, saprotrophs, 
and/or endophytes. We previously studied the diversity of Fusarium species in the Fusarium oxysporum species 
complex (FOSC) associated with Fusarium wilt of banana in Indonesia. In that study, several Fusarium species 
not belonging to the FOSC were found to be associated with Fusarium wilt of banana. These Fusarium isolates 
belonged to three Fusarium species complexes, which included the Fusarium fujikuroi species complex (FFSC), 


Fusarium incarnatum-equiseti species complex (FIESC) and the Fusarium sambucinum species complex (FSSC). 
Using a multi-gene phylogeny that included partial fragments of the beta-tubulin (tub), calmodulin (cmdA), translation 
elongation factor 1-alpha (tef), the internal transcribed spacer region of the rDNA (ITS), the large subunit of the 
rDNA (LSU), plus the RNA polymerase II large subunit (rpb1) and second largest subunit (rpb2) genes, we were 
able to identify and characterise several of these as new Fusarium species in the respective species complexes 


identified in this study. 
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INTRODUCTION 


Fusarium is one of the most diverse fungal genera that has 
been given much attention by mycologists and plant patholo- 
gists (Snyder & Hansen 1940, Nelson et al. 1983, Geiser et 
al. 2013, Aoki et al. 2014, 2018). Its global distribution, ability 
to adapt to manifold climatic conditions, and colonisation of a 
wide number of ecological niches and hosts, makes the diversity 
and abundance of Fusarium species unparalleled (Booth 1971, 
Gerlach & Nirenberg 1982, Geiser et al. 2013, Aoki et al. 2014). 
The genus Fusarium includes some of the most devastating 
plant pathogens, affecting many agronomical crops. Two of 
its species, Fusarium graminearum and F. oxysporum, were 
included in the top 10 list of fungal plant pathogens regarded 
as important in terms of scientific and economic impact (Dean 
et al. 2012, Geiser et al. 2013, Aoki et al. 2014). 


Besides their role as plant pathogens, Fusarium species are 
also known as endophytes or saprophytic colonisers (Leslie 
et al. 1990, Bacon & Yates 2006). Many different Fusarium 
species are associated with symptomatic and asymptomatic 
plants (Leslie et al. 1990, Wang et al. 2004, Pinaria et al. 2010), 
although their role as pathogens can sometimes be difficult to 
determine via pathogenicity tests. However, many Fusarium 
species have not been associated with any disease symptoms 
on plants (Wang et al. 2004, Pinaria et al. 2010). Therefore, they 
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are considered as endophytes and their association with their 
known host plants is difficult to discern (Kuldau & Yates 2000). 


A complex of Fusarium spp. in the Fusarium oxysporum species 
complex (FOSC) is causing Fusarium wilt on banana (Maryani 
et al. 2019), also known as Panama disease (Stover 1962). 
The ability of these notorious fungi to infect a wide range of 
banana varieties has resulted in substantial economic strain 
in several banana producing regions (Ploetz et al. 2015, http:// 
fusariumwilt.org/). Several studies acknowledged the diversity 
of Fusarium spp. pathogenic on banana and their worldwide 
distribution, thus recognising the threat to global banana 
cultivation (Ploetz 2006a, Ordonez et al. 2015, Maryani et al. 
2019). However, to our knowledge, no study has been done 
to assess which other Fusarium species might be associated 
with Fusarium wilt on bananas. 


In this study, we report Fusarium species hitch-hiking with 
pathogenic Fusarium spp. causing Panama disease, isolated 
from local banana varieties in Indonesia. Therefore, we aim to 
characterise these non-Fusarium oxysporum isolates, based 
on multi-gene phylogenetic inference, supported by morpho- 
logical observations. 


MATERIALS AND METHODS 


Isolates 


Isolates were obtained from the pseudostems of local banana 
plants clearly displaying symptoms of Fusarium wilt, which were 
sampled in small-holder backyard plantations across Indonesia 
in 2014-2015 (Maryani et al. 2019). The dried pseudostem 
samples were cut into pieces of 2 x 3 cm and plated on Komada 
medium (Komada 1975). Single-spore isolates were derived 
from resulting fungal colonies, and transferred to potato dex- 
trose agar (PDA), on which they were maintained as working 
cultures, or stored in 20 96 (v/v) glycerol at -80 °C for long term 
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Table 1 Fusarium species recovered from pseudostems of banana with Fusarium wilt symptoms in Indonesia, with details information on origin, year of collection and GenBank/ENA accession numbers. 


GenBank/ENA accession numberš 


LSU 


Year 


Host 


Host2 


Location 


Strain number! 


Species name 


tub 


rpb2 tefl 


rpb1 


ITS 


cal 


collected 


genotype? 


LS479435 


LS479852 


LS479870 


2015 


ABB 
ABB 
ABB 
ABB 
ABB 
AAB 
AA 
AA 
AA 


Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Awak 
Musa sp. var. Pisang Awak 


Sikka, Flores 


naCC F950" 
naCC F951 


LS479436 


LS479853 


LS479871 


2015 


Sikka, Flores 


LS479437 


LS479854 


LS479872 


Sikka, Flores 


naCC F952 


LS479429 LS479417 LS479890 LS479875 LS479859 LS479445 


2015 


LS479866 LS479451 


LS479880 


2014 


LS479441  LS479433 


LS479850 


2014 


Musa sp. var. Pisang Raja Nangka 


Musa acum 


LS479442  LS479434 


LS479851 


2014 


ata var. Pisang Mas Kirana 


inata var. Pisang Talas 


n. 


LS479453  LS479439 


LS479868 


2014 


LS479869 LS479454  LS479440 


LS479882 


2014 


nata var. Pisang Mas Kirana 


nata var. Pisang Cere 
nata var. Pisang Cere 


LS479443 


LS479855 


LS479422 LS479410 |. LS479883 


2015 


AAA 
AAA 


ABB 
ABB 
ABB 
ABB 


AA 


LS479444 


LS479856 


LS479423 LS479411 LS479884 


2015 


Musa acum 


Musa acum 


Musa acum 


Musa acum 


LS479424 LS479412  LS479885 LS479874 LS479858 


2015 


Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Awak 
Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Awak 


LS479425 LS479413 LS479886 LS479876 LS479860 LS479446 


2014 


LS479426 LS479414 LS479887 LS479878 LS479864 LS479449 


2014 


LS479427 LS479415 LS479888 LS479879 LS479865 LS479450 


2014 


LS479432 LS479420 LS479893 LS479877 LS479863 LS479448 


2014 


Musa acuminata var. Pisang Talas 
Musa sp. var. Pisang Kepok 
Musa sp. var. Pisang Awak 


LS479438 


LS479452 


LS479867 


LS479881 


LS479421 


2014 


ABB 
ABB 
AA 
AA 


LS479861 


LS479430 LS479418 | LS479891 


2014 


LS479447 


LS479431 LS479419  LS479892 - LS479862 


2014 


Musa acuminata var. Pisang Talas 


LS479428 LS479416 | LS479889 LS479873 LS479857 


2014 


Musa acuminata var. Pisang Talas 


Kota Baru, South Kalimantan 
Katingan, Central Kalimantan 
Kendal, Central Java 
Lumajang, East Java 


naCC F963" 
naCC F974 


naCC F872" 
naCC F993 


Kota Baru, South Kalimantan 


Lumajang, East Java 


naCC F962 


naCC F992 


Bone, South Sulawesi 


naCC F940" 


naCC F941 
ndo167 


Bone, South Sulawesi 


Kota Baru, South Kalimantan 
Kota Baru, South Kalimantan 


Banjar, South Kalimantan 


naCC F964 
ndo186 
ndo188 


Benajam, East Kalimantan 


Kota Baru, South Kalimantan 


Bondowoso, East Java 


naCC F965" 
naCC F991 
ndo174 
ndo175 
ndo161 


Kota Baru, South Kalimantan 
Kota Baru, South Kalimantan 
Kota Baru, South Kalimantan 


Fusarium desaboruense 


F. kotabaruense 
F. longipes 


F. lumajangense 


F. proliferatum 


F. sulawense 


F. tanahbumbuense 
F. verticilloides 


Fusarium sp. FIESC 29 
Fusarium sp. FIESC 30 
Fusarium sp. FIESC 33 


1 |naCC: Indonesian Culture Collection, Research Center for Biology, Indonesian Institute of Sciences (LIPI) Cibinong, Indonesia; Indo: Collection of N. Maryani; T: ex-type strain. 


2 According to https://www.crop-diversity.org/mgis/taxonomy. 


3 cal: calmodulin; ITS: internal transcribed spacer region of the rDNA. LSU: large subunit of the rDNA; rpb1: RNA polymerase largest subunit gene; rpb2: RNA polymerase second largest subunit gene; tef1: translation elongation factor 1-alpha gene; tub: beta-tubulin. 


preservation. All isolates were deposited in the Indonesian 
Culture Collection (InaCC) Cibinong, Indonesia. 


Morphological characterisation 


Morphological characterisations of the Fusarium species were 
performed on PDA for colony growth rates, pigmentation and 
production of aerial conidia; carnation leaf agar (CLA; Fisher et 
al. 1982) for formation of sporodochia and sporodochial conidia, 
and synthetic low-nutrient agar (SNA; Nirenberg 1981) for chla- 
mydospores. To induce sporulation, cultures were incubated 
under continuous white light (Osram L18W/840 Cool White) 
for 7 d at 25 °C. Growth rates of all isolates were determined 
on PDA after 7 d incubation at 25 ?C in the dark. Colony colour 
notation followed the mycological colour charts of Rayner 
(1970). Morphological characters were examined after mount- 
ing fungal structures in sterile water and observed using light 
microscopy (Nikon Eclipse 80i microscope) with Differential 
Interference Contrast (DIC) optics and a Nikon AZ100 ster- 
eomicroscope, both equipped with Nikon DS-Ri2 high definition 
colour digital cameras. Photographs and measurements were 
taken using the Nikon software NIS-elements D software 
v. 4.50. The length and width of at least 30 conidiogenous 
cells and 50 conidia were measured, and the mean values, 
standard deviation (SD) with maximum-minimum values were 
calculated. All descriptions, illustrations and nomenclatural data 
were deposited in MycoBank (Crous et al. 2004). 


DNA isolation, amplification and analyses 


Genomic DNA was isolated using the DNA Wizard Magnetic 
DNA Purification System for Food kit (Promega, USA). Partial 
gene sequences were determined for the RNA polymerase 
largest subunit gene (rpb1) using primers RPB1-Fa and RPB1- 
G2R (O'Donnell et al. 2010), RNA polymerase second largest 
subunit gene (rpb2) using primers RPB2-5f2 and RPB2-7cr 
(O'Donnell et al. 2010), the translation elongation factor 1-alpha 
gene (tef1) using primers EF1 and EF2 (O'Donnell et al. 1998a), 
calmodulin (cmdA) CAL-228F and CAL-2RD (Carbone & Kohn 
1999, Quaedvlieg et al. 2011), beta-tubulin (tub) using primers 
TUB-T1 and TUB-4RD (O'Donnell & Cigelnik 1997, Wouden- 
berg et al. 2009), the internal transcribed spacer region (ITS) 
using primers ITS4 and ITS5 (White et al. 1990) and the large 
subunit of the ribosomal DNA (LSU) using primers LROR and 
LR5 (Rehner & Samuels 1994, Vilgalys & Hester 1990). PCR 
conditions followed those described by Lombard et al. (2015). 
Amplicons were sequenced in both directions using the same 
primer pairs as were used for amplification to ensure integrity 
of the sequences. Consensus sequences were analysed and 
assembled using MEGA v. 7 (Kumar et al. 2016). Subsequent 
alignments for each individual locus were generated using 
MAFFT v. 7.110 (Katoh et al. 2017) and manually corrected if 
necessary. The individual sequences generated in this study 
were compared with those maintained in the Fusarium-MLST 
database (http://www.westerdijkinstitute.nl/fusarium/) and Gen- 
Bank, and relevant sequences were included in the subsequent 
phylogenetic inferences. 


Phylogenetic analyses were based on Maximum Likelihood (ML) 
and Bayesian Inference (Bl). The ML analysis was performed 
using RAXML v. 8 (randomised accelerated (sic) maximum 
likelihood for high performance computing; Stamatakis 2014) 
through RAxML BlackBox (https://raxml-ng. vital-it.ch/#/) or the 
CIPRES science gateway portal (Miller et al. 2012). To assess 
the robustness of the analyses, the Bootstrap support (BS) 
was determined automatically by the software using default 
parameters. The BI analysis was performed using MrBayes 
v. 3.2.6 (Ronquist et al. 2012) on the CIPRES science gateway 
portal (Miller et al. 2012), using four Markov chain Monte Carlo 
(MCMC) chains starting from a random tree topology. The MCMC 
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NRRL 54006 
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InaCC F963 
100/1 InaCC F974 
7511 F. longipes NRRL 20695 FSSC 


F. sambucinum NRRL 22187 
F. acuminatum NRRL 54210 
F. heterosporum NRRL 20692 


0.04 


Fig. 1 Maximum likelihood tree inferred using the rpb2 gene region of the Indonesian isolates in the Fusarium fujikuroi species complex (FFSC), Fusarium 
incarnatum-equiseti species complex (FIESC), Fusarium sambucinum species complex (FSSC), and Fusarium oxysporum species complex (FOSC) isolates 
from a previous study (Maryani et al. 2019). Bootstrap support values and Bayesian posterior probabilities are given at each node. The tree is rooted to Fusarium 
acuminatum (NRRL 54210) and Fusarium heterosporum (NRRL 20692). 
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m 400/1 InaCC F952 


InaCC F9507 Fusarium desaboruense sp. nov. 
55/0.94 InaCC F951 
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Asian Clade 


Fusarium lumajangese sp. nov. 


100/1 
x2 


100/1 
x3 


F. agapanthi NRRL 54463" 
F. mexicanum NRRL 47473 
400 95 — F anthophilum CBS 737.97 
F. succisae CBS 219.76 
58 F. temperatum NRRL 25622 
100/1 81 F. bactridioides NRRL 20476 
x2 s F. subglutinans CBS 747.97 
F. bulbicola CBS 220.76" 
F. parvisorum CBS 137236" American Clade 
F. circinatum CBS 405.97" 
75/0.98 F. sororula CBS 137242" 
F. konzum CBS 119849" 
TAM F. ananatum CBS 118516" 
E F. fracticaudum CBS 1372341 
F. begoniae CBS 403.97 
59/1 F. sterilihyposum NRRL 25623 
F. tupiense NRRL 53984 
F. dlaminii NRRL 131647 
F. nirenbergiae CBS 744.97 
F. oxysporum CBS 716.74 


85 


85/1 


0.0070 
Fig. 2 Maximum likelihood tree inferred from the combined cmdA, tef, tub, rpb1, and rpb2 sequence datasets of the Fusarium fujikuroi species complex 
(FFSC) including eight Indonesian isolates (indicated in blue). Bootstrap support values and Bayesian posterior probabilities are given at each node. The tree 
is rooted to Fusarium nirenbergiae (CBS 744.97) and F. oxysporum (CBS 716.74). 


Persoonia — Volume 43, 2019 


52 


= —  £vVtS4dM - = = - eorpu; eiejibuejy vc60dviNn 
LOSLON  L8ZO9L4W E€SE890WIH  60SLZLXP - -  vtt8eidv eolpul &ieJIbuej Jeeus| 9ZZSZ THYN eeJopbuew y 

=: - €6rSL609 = S = = S690Z THYN 
- — @OSLZLXP  8bbLZLXrP = - - Ios eijensny 99€€ | THYN sedibuoy y 
= —  £99L4AXC  OSSLZLXP = = = seo ÁeMON 0b6bS THYN eenjjesDue| y 
LSSLON ZZZO9lLAV — 6vL966L1 — L0c96611 - -  SZE8SLAV 82182 Sn2l-J vsn O0ZSZ THYN = 4.26 LL y SED Syoe| y 

- €r9S0SOS  L128S0S09 - zegsoso9  z8990S809  S0SS0S09 UNS pJezr] eipul ey OSII  €ZvOZ THHN = ¿S8LOEL SED 
- £6S990S809  18SLZLXP - €£€490809  2£190809 sSsssosOoS qp OSdld €ZL9€ THHN = 00€£20L SED UINIE NOE] J 
= - Z6rSL609 - = = - winajsee unonul ueder 6r£SZ THYN asuanysnty J 
81196611 86096611  8b196611 X 00296611 = — Z9L96611 suegnu winjseybiog vsn 16v96LL SAO uunzuoy y 
— = Lvc6ZvS1 = — = = uoquiv Buesid “Jen ejeuluinoe esnyy eiseuopu| 14164 99€U]| eSuauejueul[ex 4 
= = 6S8€6/vS1 = = = = Buluny uoquy Buesid “Jen ejeuluinoe esnyy eiseuopu| esuaqna “ds ‘J 19984 99Eul uwinjejdasexey J 
= =  £6SLZLXr = = - al uojfjoep uopou/ÁO eidotu3 26902 THYN umiodsolejey y 

u - ZZ¿Z6¿YS1 = =: = = unjueides esny puejreu L esueqno `ds y 0Z 19€ THYN 
= = cve€624vs1 = Er = = jnuun'] uoquiv BuBsid “Jen 6jeuiuunoe esnyy eiseuopu| esuaqna "ds ‘J 2683 9O€U| moyoiusos6 J 
= —  vv9LLVXPC  LESLZLXP = = = UJ02 vsn v801€ THYN = ¿G9EZL SAO winseaujwesb y 
B -  Q082€80dM  042€80dM - - - eonejb eeouuouyjuex I[esny LLYS DAY = .0SZ99 THN 1pJeDjooD y 
6€v99vJM  ZLVOO0vJM 90P99P4N 96€99vJM - -  67€99v4M shew eəz eoujy ynos LEL9Z THYN -14682v SED umsoqoj6 y 

= —  SSCvYO9nM B B =: - 91'1ZZ SAO 
SLvry€n 6LZO9LAW OLSLZLXP  9SbHLLLXP ez sen LSSvEN  ZEE8SLAV enyes ezO euiu 99S€ | THYN sounyuing 4 
SL€09LJV  88Z0O9LW — v90SG/SI1 — v90S/S11 3 -  Lvt8eLdv “ds uinipiquiA) ueder 1268992 THHN winxeyijoey J 
LSOLPSPA — 6S0LvSlM — vvLO66L1 96196611 - - 64196611 ulejs JjououJxeui Snuld eIquioo? igvVETLEL SAO winpneoyoey Y 

- €S9SOSOS LE8SOSOD - @pls0S09 “Z¿SOSOS sS9sSsOSOS I8əd ojejog yieuuuəq er, OS3Id 99v9€ THYN = 98"pL SAO 

- 66580909 ZZ/S0SD9 — 88960809 98990909 ILLSSOSOS Ios Áueuuec) epų OSII  6Lv97 THYN = 1nv6 70€ SED 

- 1y9890909  Sc8S0S09 - 9€/90809  9€490809 69950909 los SpueluƏuləN er, OS3Id LC€9€ THYN = v€'S8L SED 
- vvy9S0S809 “¿¿z8SOSOS - €€/90809  €£490809 99990909 ep, OS3lJ 9EL9€ THYN = 20701 SED gesinbe y 

_ _ 6L2Z6¿rS1 _ _ _ _ Buey Buesiq sea ‘ds esnw eskeen esueqno ‘ds `} OLLOS THYN 

= = 9SL26/vS 1 = = = = uoquiy Buesiq “Jen 8jeuiuunoe esny eiskejey| esueqno “ds T GLLOS THYN 

= ri 14026/4vS1 = = ash xd yeysey Buesid Jea ds esnW eskeen esuaqna "ds ‘J €rleWoo4 
— = 6€26/4vS1 = = = = yodey Buesid Jea ds esnwW eiseuopu| esuaqna ‘ds ‘J 9164 OO€UI unjejdesonp 4 
O€rveN Z4Z09L4W  LOZLZLMM  L89LZLMA = -  O0tt8cLdv pjeyuoo u! sugep jos eoujy ynos V9LEL THYN = ,0986L1 SED Hujuejp J 
OSSL9N 69Z09L4V L96611  S6L96611 = - @zeesrav sejejeq esouod| vsn ZOESZ THYN = 26'S€7 SED unjeinoguep Y 
- -  8Z9LLLXP  SISLZLXP = = = JeuJex Áəlueq AploN yieuuuəq G/vGC THYN = 98" LL y SED wniowjno y 

= - Z0Z6ZFS1 = - - - ‘ds uinidAsoc eu) unjoeAurseA “ds y €€vSZ THYN 

=: - 1ZZ6¿rS1 = =; = = em weu Ien[ “BA "ds esnjy puejreu L esueqno `ds y 8119€ THHN 
- - 80€6Z7S1 _ _ _ _ xXodey Buesig ea ‘ds esnjy eiseuopu| esueqno ‘ds `} 1iF964 O0eu| esueDueueDno y 
8bgL9 Z8ZO9L JW 990Lv4dl  Z6L96611 = -  seEessliv yn, winjusides esnyy gol e1s02 L8LSZ THYN = 146087 SED unoujueouoo y 
SLL96611  LSC€80dM  +vLZEB0JA — 697€80dM - - 84196611 JueejseB x100 eijegsny 1£€299 THYN S1909 y 
O80Z€ZINM  €v6LECINM — vSE990NH — OLSLZVXP - —  €6€L€2INM &jJeipel snulg vsn LEESZ THYN = 146'S07 SED wneu J 
= — LSLLLXP  O9bLZLXP = - = Sjueuiipes JOATY ueder 6Z8EL THYN unjoeduioo yo y 
1€v9O0vVJM  SLVOOVJM — vVOVOOV-M  — vV6COOUJM - -  17€99v3M IIU9pMOq aunan Áueuuec) 819€l THYN = ,9Z02c SED ejooiqing J 
€vSLON  €62091dv  0bL96611 16196611 = -  9b€8SL JW pughy joneje euobag Áueuuəo 008SZ THYN = ,46'£0p SED eeiuobeq 4 
terven  06Z09LWW = = - -  €b€8SL JW uinueBiuoo winipeuosg vsn 9/v0Z THYN SepioIpujoeq y 
- -  £/SLAVXP  6SbLZLXP - - B feyeg ueder 81881 THYN = ZSZOLL SED winoyeise y 
= — O9SLZLXP  9bbLLLXP = = B Aey enosey vsn 1229 THYN unaelueuue Y 
VLLO6GL1 6096611  6£L96611 06196611 = - 1196611 “ds unisesddiy Áueuuəo 209€ | THYN = 267£7 SED unjudoujue y 
€LL96611  Z6096611  8£L96611 68196617 - - 94196611 suqəp [Ios 10/09/q uinuBios eoujy ynos LZL1Z THYN = 1498611 SED izefipue y 
£LL96611 16096611 ZEL96611 88196617 < — 9196611 MnjjsnsouuooseupuV eony UNOS 1915811 SED unjeueue y 
SE9006NA DE900ENA  SZIDO0ENA 0Z9006r1M = — LL9006n3 ‘ds snyjuedeby eijegsny 1£9v VS THYN Iguedebe y 
- - v89vrS0S09 = = - - OLcvG THHN “UnJeullunoe unuesn-4 

qn 149} zqds Lqdi ns1 SLI 189 

}SOH Auno uolgoljisse|o° Jəyyn4 ,Jequunu ules saloeds 


zJequinu uoisseooe vN3/xuegues 


"Ápnis Siy} ui pepnjoui seioeds wnuesny Z əlqeL 


53 


New endemic fusaria on banana 


N. Maryani et al.: 


_ _ LLZ624rS1 _ _ _ _ eoDBni|g “en ‘ds esnjy seinpuoH esueqno ‘ds `} S0L9€ THYN 

- — 4616/81 - - - - ueu]uo[N uea ‘ds esnjy |IZeJg esueqno ‘ds y ZH JINdN29204 

- —  Q09264v$1 - - - - ueBueieg Buesid Jen eyeujwinoe esn eiseuopu| esueqno ‘ds `} 18964 299eu| WniodsopAweyjyorpse} Y 

1SO0LVSPM — 290LvSPM €S8196611 90296611 = - 8196611 sula]s emed snulg giqui0joO icvc4€£V SAD E[nJ0JOS Y 

= —  @lvvSlLOH = x = = ennes euaAy eissny LOVES THYN UInoHlqis Y 

— ¿Z6SSOSOS 99SLZLxr — 48990809 18960809  v0SS90S809 los Ajesunu eutg eyegsny q6 9Sal4 COVE L THYN 

— 109560809 644280809 — 06990800 069S0SOS C|SSOSOS los souel4 96 OSAld 22697 THHN = S6'0L9 S99 

— 90990909 €8ZS0S09 — v69509809  v69S90S0O “¿LSSOSOS Ios eynjseq eyegsny 86 9SAlW veL6z THHN = v8"81yy SAD 

— FS9SOSOS CZE88S0OSOS — €v4S90800 CZ/SOSOS 99990909 Ios eynjseq eyegsny 86 OS3ld 8ZV9E THHN = 82v Y SAD Idios 4 

- — C9Z6¿FS1 - - - - xXodey Buesig sea ‘ds esnjy eiseuopu| 10964 22€uI asuowefkebues y 

= =  909LZLXP  €6bLZLXP = = = “ds unuejos puejBu3 12107 THYN = 28127 THYN wnujonquies y 
vivven | 82c091dV  0O8SLZLXP — 99vLZLXTP = - Lee8slJw Un4euiogjo Uunieqooes eIpul 666€ | THHN = 9/'EZZ SAD Meyoses Y 

SvV99v3M | €CVOOVJM — CLVO9OVJM — LOHAN e — | G€£99v43M e9423 Sn0!j vsn 980282 THHN = 1986'8L v SEO winuebiwes y 

_ —  €I26/v81 _ _ _ _ ouenbe|N uea ds esnjy seinpuoH esueqno ‘ds `} 1019€ THYN 

= — G661L6ZrS1 = x = = ejddy ea ejeujunoe esnyy vsn esueqno ‘ds y vbZ9l DOLW 

_ — . 89£6/vS1 - - - - xXodey Buesig sea ds esnjy eiseuopu| esueqno “ds `} 9884 99eu| sueoseJndind y 
Vcvvern | €9c091dv  ZSL96617 S02966.11 = -  9i€8SL43V sepioud/ winjasiuuad eueBIN C6S£ V THHN 712641 v SAO jeueBAuopnesd y 

= —  4€914LXF  bZSLZLXr = = = SUMOJ e46B|nA UINSPIOH eyegsny 29082 THYN = 996601 SO  umnieeuiueibopnesd y 
Zevven  1/Z09LWW 11966111 F0Z96611 = -  vet8eLdv “ds winuejos gueuo 97627 THHN = 26'6rr SAD unjeuio4roopnesd y 

z = LOLLLLNY 2 = S la S0629 THYN 
9Lvven | 08c091JdV | cS€890NH — vOSLZLXFP E - ECE8S88SLdV pughy 'qingopnesd e/ajje? Áueuuec FF6Z¿Z THHN = 97217 S99 unjeiejioid y 

= = C¿SLLLXP.  8SbLZLXr $ = = vLZel THYN eeod y 

€VV99vJM — LCVOOVJM | OLVOOVJM  66E99YÍA = — ECE8S899r3J]M 429| s,suetwalep euaeoeJq Ajey ZL9EL THYN = 197912 SAD unjiudojjAud y 
= -  9b26Z7S1 = E = = YSIPUBARD “eA &jeuiunoe esnjy eoujv unos esueqno ‘ds y ZLL9€ THYN 

= =  vVc64vS1 - = = = CVV€HS JeA pJeulLunop esnyy eyegsny esueqno ‘ds y 6019€ THYN 

= — 0DlLZ6ZrS1 = = = = usipueAe? “Jen ejeurunoe esnyy seulddiyd eu esueqno ‘ds y £0L9€ THYN 

= -  80zZ6/vs1 = = = = Hey Suoy “BA “ds esnyy eyegsny esueqno ‘ds y LOL9€ THYN 

- — J v0264vS1 - - - - uoquuy Buesig e^ ejeuiunoe esnjy eiseuopu| esueqno ‘ds `} SZopul5og 

_ —  J2206/v81 - - - - UsipuoA^e? Je^q eA ejeuiunae esnjy ureds esueqno ‘ds y 96'v19204 

- —  £62641v81 - - - _ yemy Buesig “Jen ds esnjy eiseuopu| esueqno ‘ds y 1/64 99eul uniodojeiud y 

SSOLVSfM — O90LvVSPM 08196611 = = -  €8196611 sj001 ejnjed snuld giqui0joO 1982281 SAD winsosinied y 

= =  beZl6siy  81276S81M = = = eloyiusaye eurieds vsn 19S07S THYN ensnjed y 

= - |0Z26ZrS1 m = = = ojaui siunang siuojeui “ds y 90792 THYN 

- — J 00262vS1 - - - - uunois4edoo/A] uinuejos uieds Ioisuedoo/] “ds `} 9€6b£ THYN 

= — 961|6¿ZrS1 = a = = JIS ea “ds esny zesg esueqno ‘ds y LY YINANO9O Y 

= -  v6lL6Zvs1 = = = = IIOS ZOOVS THYN 

= -  S6L6ZbSs1 = = = = uinaissadoof] wnuejos vsn Iorsuedoo/ “ds y L8€9Z THYN 
vevven ZLEO9LAW S90SZSI1 €0796611 = - S9C8S|dV !Isəizuəui eónsjopnesg vsn 16 vv4 SAD 
Serven  624v800dv  €8SLZLXP  69bLZLXP = -  99€89Ļ4V eqe} PBIDIA Áuguuəo v/'91/ SgO uniodsÁxo y 

- —  v2c64v$1 - - - - UsIpue^e? BA ejeuiunoe esnjy esueqno ‘ds `} 29 zlud9204 

- —  €C26/v81 - - - - USIPUBARD eA ejeuiunoe esnjy uejsmyjed esueqno ‘ds `} VI lMed303J 

= —  60zZ6-ps1 = z - = YSIPUBARD “eA pJBulLunoe esnjy eulyd esueqno ‘ds y ZOL9€ THYN 

- —  90264vS$1 _ _ _ _ USIPUSALI eA &jeuiunoe esn uoueqe1 esueqno ‘ds y 2c 1de1904 

- —  G0264/v$1 - - - - UsIpue^e? ea ejeuiunoe esnjy uepJof esueqno ‘ds y LLAPDOY 

_ — . 96167981 - - - - Bununue|N Buesig “Jen ejeuiunoe esnjy eiseuopu| esueqno ‘ds `} 9007S THYN 

- —  99€64/v$1 - - - - efey Buesig uea ds esnjy eiseuopu| esueqno ‘ds y 12284 DOCU] 

- — J v0€64vS1 - - - - oda y Buesig sea ‘ds esnjy eiseuopu| esueqno ‘ds `} 2184 99eu| UInUllSSIeJOpO y 
92rven €ZZ09LW  bvLLOZpv43 Z0Z96611 = - 9Z¿Zç8SLdV 1001 9llO198Uu JO|o3Iq WNYBIOS eyegsny 8vvel THHN = 126672 SAD srewebÁu y 
9Scvvern | 99c091dV — 211027vHH — 9€LZVEIWH = - 6LE8SL4V sepioud/) winjasiuusd F098L THYN = 126872 SAD ƏuuojIdeu 4 

— 9GZE80dM 9/ZE£80dA Z¿ZC8980d3 ds ny = los eyegsny 14429 89H = SEZ99 THYN eunDepunui y 

B0EZELND O9Lv4€4n9 NANA JON oigqnd JON = = 68€ZELND eoueseioyur e9/pu! eJejIBuejy O9IXƏW £4VZV THYN tuunueoməui Y 
qn) 119) zqd 1qdi ns1 Sl Jeo 


zJequinu uoisseooe vN3/xueguec 


10H 


Ajunod uoneoyisse[o Jayuny 


,Jequinu ules 


səloəds 


(quo) z alqeL 


Persoonia — Volume 43, 2019 


¿J98QqUINU uoisseooe VN3/3ueguəo 


1S0H 


Ánunoj uoneoyisse[o Jay un 


,Jequinu ules 


- S€990909  £L8S0S09 - vc1S90809  vC1S0S09  L1v890S09 sseosqe ueunH vsn eg OS3ld ZEOVE THYN 
- pegsosoo ¿ZL8SOSOS - €Z¿SOSOS €Z/S0G0D ƏrSSOSOS unjnds ugeuunH vsn eg; osal LLOF£ THYN 
- €€9s0SD09 ILL8SOSOS - ZZ¿SOSOS ZZ¿SOSOS sSrSSOSOS snuls Ájejnxeui uewny vsn 98, 9SAlW OLOYE THYN 
- Zg9SOSOS 01890909 — |4e190809 12490809  vvSS0S09 Bun) uewny vsn PSL OS3lId 9007€ THYN 
- |€990S809 60890909 — 0c490809 07490809 crSSOSOS unjnds uewnH vsn eG, OSA 1007€ THYN 
- 0g9SO0SOS 80890909 — 61190809 61490809 “¿rSSOSOS efe uguinH vsn eg; osal 9007€ THYN 
- 6zZ9S0SDS9 20890909 - 814190809 81490809  LvSS0SO9 piny [eee jur ueuinH vsn epz OSAls SOO0v€ THYN 
- 872990809 90890909 - 44190809 41490809  OvSS0SO9 vg ueunH vsn e9; osal vOOVE THYN 
- 42990809 90890909 - 91490809 91490809 6ESGOSOD unjnds ueuind vsn eoz osal €007E THYN 
- 9Z9S0SOS9 roO8S0OSOS - GLLSOSDD SI/SOGOD g8gSSOSOS snuls plotuuu]ə uetunH vsn ezz osal Z00r£ THYN 
- gzg9soso9 coO8SOSOS - vL1S080O  vL2S0S09 “¿JgSSOSOS punom joo} uewnH vsn ec, osalJ LOOVE THYN 
- vec9s0SO9 “¿08S0SOS - €1490809  £€1490809 ƏgSSOSOS ieuo} ueuinH vsn e/ OSalJ 1662€ THYN 
- €2990S09  LO8S0S09 - £1190809 21490809  SESGOSOD punom Ba] ueuinH vsn 9g, 9SAlW 9662€ THYN 
- ~@z9soso9 00890909 — ĻLZSOSOÐ  L1L490809 t£gSSOSOS snuis uewny vsn 98, OS3lId G66ZE THYN 
- -z9soso9 66290909 - OLZSO0SDD 01490809 EESSOSOD snuls prouuje ueuinH vsn 98, OS3lId V662€ THYN 
- 61990809 26/90909 - 80490809 80490809 LgSSOSOS sseosqe ueuinH vsn eg OS3ld 192€ THYN 
- 891990809 96/90909 - 410190809 40490809  0£SS0S09D juened jeoueo ueuunH vsn 98, 9SAlW 6982€ THYN 
- 11990909 sS6¿SOSOS - 90490809 90490809 62990909 poojg ueuinH vsn 9gz 9SAlW 9992€ THYN 
- 91990809 6490809 - 80490809  S0490809 82890909 ueuinH vsn egz osal 1982€ THYN 
— SI9S0SDS 6¿¿SOSOS - 0/S0SOS +v0/S0G0D 42890909 juened Je9ues ueuin vsn egz osal 9982€ THYN 
- vi9S0S09 26490809 - €0490809  £0490809 92890909 Snipjeoopue ueuunH zesg qiz OSals S98ZE THYN 
- €19S0SDS 164790809 - 20190809 20490809 sSzSSOSOS uewny vsn ?/| 98313 v98ze THYN 
- £1990S809 06/90909 - 40490809 10490809  vZSS0SO9 sninije» oneqeip uetunH vsn qg; osalJ ZZSZ€ THYN 
- 4990809 68190909 - 00490809 00490809 c¿zSSOSOS poojg ueuinH vsn qs, OS3I4 Z8LZE THYN 
- Q0L9S0S09 9898/90809 - 66990909 669509809  ZZS990909 poolq ueuinH vsn 98, OS3lId L8LZE THYN 
- 609890909 28/90909 — 86990909 869509809  1ZS990909 unjnds ueuunH vsn eg, OSA GLLZE THYN 
- 80990909 98¿SOSOS — 1698909809 ¿69509809 0DzSSOSOS unjnds ueuunH vsn egy osal 19LL€ THHN 
- ¿0980909 sg¿SOSOS - 96990809 969509809 G6lSSOSOS Bun) uewny vsn 98, 9SAlW O9LLE THYN 
- 90990909  v9/90S809 - S69S0SOS S69SO0SOS glSSOSOS ‘ds efnyy Áueuuəo ez, osal LLOLE THYN 
= -  £v9LLVXP  62SLZEXP - = i os eijensny 9001€ THYN 
- v09S90S09 28490809 - €6990809 €69509809 ƏlSSOSOS q9z osalJ VL29C THYN 
- €09S0SD9 18190909 - 426990809 26990809  SISS0S09 euoijs ALIH ejuewoy egz OSAls 11882 THYN 
— Z09S0SDS 08190909 — 169890809 16950809  vLSS0S09 vsn qe osalJ 62087 THYN 
- 00990909 82290909 — 68990809 689509809  ZLSS0S09 uinAgsee wno Jo eseq WIND Áueuuəo ez, osal LZ69Z THN 
- 86590909 9¿¿SOSOS - 18990809 ¿8950809  0LSS0S09 1911 jee| JULI eqno e9z osalJ L1v9zZ THYN 
- 16890909 92/90909 - 98990809 98950909 60990909 pees winyoysseso eu udsiq Áueuuec) 2g 9SAlW G6LSZ THYN 
-  89Z09lAW = = = - = emqequiiz LZZSZ THYN 
- 96580909  t/490S809 - S89SOSO9S sS89SOSOS 80990909 Sol euyo egz osal VVCZO TAYN 
- S6SSOSDS £¿¿/SOSOS — v99s0S809  v99s0S09 JU0OSSOSOS ‘ds uniyjolÁg eíuəy ezz OSAls ZZOZ THYN 
- 06590909 89290909 — 64990809 647990809 C¿0SSOSOS ez osal GEEEL THYN 
- 68980909 29190909 - 8/990809 82990909 LOSSOSO9 Bullpəəs auebina wnepioy Áueuuəo ez, osal 8FS9 THYN 
- 88590909 99¿SOSOS - 11990809 44990809 00990909 Aey enose4 vsn eg oSalJ LESS THYN 
- 18990909 s9¿SOSOS - 9/990809 92990909  66y90909 e0L osal VLZE THYN 
- 98980909  v9/90S809 - S¿9S0OSOS S¿9SOSOS  86590S09 e0L osal 0Z0€ THYN ‘ds winuesny 
- -  9c261vs1 - = - - ‘ds snueydey ueydes ds `} S00rS THYN 
- -  SC261vS1 = - - = MIS zesg — sueugnjBuoo ‘ds y 8007S THYN 
B -  €026/vS1 - = B s: “ds 48212 Isid ds y ZZ9L€ THYN 
= = ZLZ6ZVS1 = = = = 9JeJeH Yen “ds esn Ime|ey esueqno ‘ds ‘J 1£ 19€ THYN SU9SISDLDIPIE] Y 
- - 02261481 - - - - 10637 yemy Buesig “Jen ds esnjy eIsÁeIe/n esueqno ‘ds `} 2119€ THYN 
- - SLZ6ZVS1 - - - - eobBn|g “Jen ‘ds esnjy pijensnv esueqno ‘ds `} LLLOS THYN (3002) 
= = cLZ6LVS1 = = = = JoBuiJ Ápe1 “JeA &jeuiunoe esnJy ei[esny esueqno ‘ds ‘J 9019€ THHN uniodsopKÁuieJu9Ip1e] E 
qni Hel ¿qa Lqdi ns1 SI [ize] 


səloəds 


54 


(quo) z alqeL 


55 


New endemic fusaria on banana 


N. Maryani et al.: 


"sjesejep juewubBie s¡jeuuog,O Ajay wos, peurejqo 9Je^ o!lqnd JON, se pexeui 
seouenbes 'uinqni-ejeq :qnj ‘auab eydje-| Joye} uoneBuoje uomne[sueJ :/J9] *eueB junqns sable] puooes asejawÁjod YNY :Zqdi 'eueB junqns 1seBue| eseeuAod YNY :Lqdi *vNQOJ eui jo yunqns abe] :nS1 ‘YNA eui JO uor£eJ Jeoeds pequosuej jeurejur :S LI tujnpou[eo :/89 z 
“adÁjoau :|N :eunno edÁA-xe :| *eumno adÁjesed-xa :| q ‘uleds ‘eeey JO Áysianlup] ‘Uog 
-oejo2 Álojesoqe7 Á6olouled 1uejg pue ÁBojorqoJotN YNN *eeasny ‘saem ynos man "AeupÁs 9sn1] suəpieo ¡eojuejog [eos :9 gy ‘YSN 'uonoejoo einn? sones uo1eesey [eunnouBy :TYYN *eiseuopu| 'Buoulqio (IdI1) seoueros jo einnsu| uerseuopu| “ABojolg 104 19192 
yoJessey 'uonoejo2 enn? ueiseuopu| :99eu] 'spuepgeuieN eu, "Asjevuf(| ueBurueBeM 'uo1eeses jue|d ueBuiueDeM jo uonoejoo :204 :spuepeujeN eu, quoənn ‘ANSU, Ausisarpolg jeBunJ y[ipiƏ1SƏAA eui jo uonoejoo :Sgo ‘WSN 'uonoejoo enn? adÁ] ueoueuy :9291V , 


9LL20LAV  9ELZOZAW  SSE890NH ZISLZLXP - - = yuna Bayon 1seoO ÁJOA] 98rSZ THYN = ZS`9Sz SID Sepioue|Ax 4 

= — g96SL¿LXr u ú - - skew eaz 9G60Z THYN 
€Lvven Z9ZO9lAV — zZLO4vJ3 LZZ96611 = -  SLeessLav sew eəz Áueuuec) ZL1ZZ THYN = 46 'v€4 SAO SƏploIJJIOINƏA Y 
- - z@gezezwm - - - = eseq wey JeƏUA JƏUIM eujsny 1£6'98v SID unjeueueA Y 
€cvven  S420914v — 24196601 02796617 - -  9ceesidv sueoseqnd snuejoe] Áueuuec 6t6ZZ THYN = 2€'841 SAO unpn y 
96Z1€LM9  vOv/€4n9  NANAJON  °lqndijioN - -  11ELELM9 BOIpu! ese buen zesg V96€S THHN esueldn] J 
9624€409  €92€80dM — S/c€£90dM  ¿9ZEB80dA - - 18196611 uinjoefiejur uinuB4os eijeasny 1£ 299 THYN eqejeeh J 
Ip Q  04209L4v  0O09LZLXP  Z8bLZLXrP = - 98196611 10/09/q uinuBjoS eony unos St0ZZ THYN = 46'€€4 SAO unuisde J 
806£09NA 9691.70  9S196611 — 60296611 - -  486€09nM IIOS eijeasny 1v6'€8v SID [09148] Y 
1V€091J4v — OtO9LJV — OügndjoN qnd oN - -  vySeesLdv sKeueez eoujv unos 91992 THYN = ZZ9S2 THHN unjeieduie) J 
606£09NA 46911404  SSL96611 80296611 = —  S8L966.11 goluJuouuueu ebs uepns LSFSZ THYN = 146 `rSr SED esusuepns y 
6LYVEN  L6ZO9LAW FSI96611 0296611 - = HTrF89SLdjJV Jemoy sisuejeid ESIOINS Áueuuec) €LOSL THHN = 9/612 SED Əəsioons J 
LWvv€n G68ZO9lAV  B6SLZLXP  98bLZLXP - -  evt€89L4V WoO vsn 9LOZZ THHN = 46274 SAO sueugniBqns J 
9/£09L4W  0O0€09LÍW  lgndjon  olqndj0N - -  €9€89|4V oue X eoujv ynos £Z9SZ THYN uunsodúÁullue]s J 
= —  vSVVSLOH rtrrL¿LXr = = = WoO vsn 662€ THYN sepromorpojods y 

— £€/990809 15850909 — Z9/S0S09 29490809 rtr9SSOSOS 207 uewnH vsn q9 98314 86697 THYN 

— Z1990809 09890909 — 19/S0809  19/80809 £g8SSOSOS snuis ueuinH vsn JS ƏS3I4 166Sb THYN 

— 0950809 87990809 — 689/S0909 69/90909 18990909 sseosqe ueuinH vsn qs osal4 S669 THYN 

— 69950809  4v8S0809 — 89/S0809 89/90909 08950909 sue| jpejuog vsn 991 OSAld O£/€v THYN 

- 899560809 97990809 - 418490809 48490809 64880809 eKe ueund vsn e9 2S3lJ V69€v THYN 

- 19990809  Sr8s0909 — 98/S0809 99/S0909 8990909 asou Bog vsn e| OSald 0r9£r THYN 

— 99950809  vr8s0909 — 99/S0S09  S8/90809 ¿1990909 ƏəleuelW vsn e6} OSal4 6£9€b THYN 

— S99S0SOS £r98SOSOS — vS819080O tS¿SOSOS 94880809 eejeuejv vsn e9 9831 989£r THYN 

— Z99S0SOS 0850909 — 19/S0809 18490809  €4S990909 Əs1oH vsn eg, OS3I3 S£9£r THYN 

— 09990909  8£850909 — 6b/S0S09 69490809 14980809 Bun| ueuinH vsn 261 98214 ZZ9£r TAYN 

— 68990809  £850909 — 8b/S0S09  9v490809 04980809 JeBuy uewny vsn eg, OSald 619€v THYN 

- 418980809  S£8S0909 - 9v4S0S0O  9v490809 69880809 səuuozlui eulpeds vsn qvz OS3I3 162€V THYN 

- 96990809  v£9S0S09 - Sp/S0S0O Sh¿SOSOS 89980809 jes] sisuaulyo snuədiunp vsn qoz OS3I3 G/G9€ THYN 

- SS9SOSOS  E£850909 - Vvv1S0S0O  vV1S0S0OO ¿9990909 eueueg oBuoo QZ) OS3Id 9trS9ç THYN 

- ZS9SOSOS  0£850909 — 1P2SOSOS  Lv/S0809 rt9SSOSOS pees sueDjnA snjoeseyd uepns qz OS3Id 8vp9€ THYN 

— 16990909  6Z850909 — O0v4S0S0O OPrZSOSOD 9990909 uoyo) enbiquiezojw ez OS3Id L0r98 THYN 

- 0S9S0SOS 82850909 - 6€/S0809  6€/90809 29980809 Buipees Áueuuec ƏZ, osal4 Z6€9€ THHN 

se|nuv 

- 6v9S0S80O  428S0909 - 8ELS0909  9€/90809 19980809 Jv —— SpuejeuieN eL OSalJ ZLEQE THYN 

= -  y8bs1609 = ú _ - LSE9E THYN 

— 8990909  9Z850909 — 1€/S0809 LELSOSOD 09950909 uJeÁ uopog puejBu3 ec 98214 EZE9E THYN 

— 9r9S0SOS  pZ850909 — SE/S0S0OD SEZSOG0OD 89980809 ec OS3Id 8LE9E THYN 

— Sr9SO0SOS ezesosod — v€1S0S0O t€¿SOSOS 49880809 Buljsees ebu snulg eneoJo qz! OS3Id 6929€ THYN 

— Zhp990809 ozesosod — 1€/S0809  1€/90809 rtSSssosSOS esiouoL vsn 921 oSal4 OLOvE THYN 

— |p990809 618S0S09 — 0€/S0809  0€/90809 esssosod poolq uewny vsn 991 oSal4 6S0r£ THYN 

— O0v9S0S0O 81850909 — 67190809 6Z/S0909 29980809 ysem JeluouoJq ueuinH vsn q9, OS3Id 9S0r£ THHN 

- 6€98080O ¿1850909 - 8ZLS0909 92490809 19980809 ueuinH vsn ql OS3Id 6€0r£ TAN 

- 8£990809 91950909 - 1Z/S0809 42490809 089990909 sseosqe ueunH vsn qs OS3Id 1€0v€ THYN 

- 41€98080O  SL8S0909 - 9Z¿SOSOS 92490809 67980809 snuis ueuinH vsn ps osalJ S£0rF£ TAN 
- 9€990809  vL8S0S09 - SZ¿SOSOS SZ¿SOSOS 97980809 Sa] uewnH vsn 5| 98314 V£OVE THHN (1u09) ds uunuəsnj 

qn) Hel ¿qa Lqdi ns1 SI [ize] 

}SOH Ayyunog uoleoyissejo Jeun-Jj ,Jequunu utes sei eds 


zJequinu uoisseooe vN3/xueguec 


(quo) z əlqe1 


56 Persoonia — Volume 43, 2019 


NRRL 31160 
NRRL 32175 
NRRL 32181 
NRRL 2182 
NRRL 32869 
NRRL 32994 
NRRL 32995 
NRRL 32996 15 
NRRL 34006 
NRRL 34007 
NRRL 34008 
100/1] NRRL 34010 
NRRL 34011 
NRRL 43619 
NRRL 43622 
NRRL 34001 
Indo167 
InaCC F964 


Ee ao Fusarium sulawense sp. nov. 32 


Indo186 
55/0.99 Indo 188 


T NRRL 34004 
51059 If NRRL 34056 T 
i NRRL 43730 
89/1|| , NRRL 32864 
rit NRRL 36548 17 
85/1 NRRL 34070 
NRRL 31167 48 
100 NRRL 32522 
NRRL 43639 19 
NRRL 26417 
99A NRRL 28714 
99/1 Indo161 FIESC 33 sp. nov. 
NRRL 22244 
100/1 NRRL 32868 25 
NRRL 34005 
96/0.98 NRRL 43297 24 
50/1 InaCC F965! Fusarium tanahbumbuense sp. nov. 34 
1001. |, NRRL 32866 a 
NRRL 32867 
98/1 NRRL 13335 21 
83/—[ L NRRL 32865 
NRRL 34003 20 
100/1 NRRL 36575 
NRRL 34002 22 
NRRL 20722 27 
98/1 NRRL 28577 28 
NRRL 43638 
100/11 NRRL 43694 6 
2/1[ NRRL 45998 
78/0.99f L NRRL 32997 7 
50/0.85[L NRRL 5537 8 
pam 
100 NRRL 36478 
100/1 NRRL 13402 
NRRL 3020 
Sar NRRL 3214 w 
NRRL 36269 
NRRL 36392 
NRRL 26921 12 
NRRL 31011 
NRRL 6548 
NRRL 36372 11 
NRRL 34039 
NRRL 43640 1 
NRRL 34034 
Indo174 FIESC 29 sp. nov. 
NRRL 36401 2 
NRRL 36448 
I, NRRL 36318 
CH NRRL 36323 3 
NRRL 28029 
NRRL 20423 4 
NRRL 36123 
NRRL 25795 
NRRL 34035 
|| NRRL 32871 
NRRL 34032 5 
NRRL 34037 
NRRL 45995 
NRRL 45997 
NRRL 26419 
NRRL 36136 
NRRL 36321 14 
NRRL 36466 
NRRL 43635 13 
Indo175 FIESC 30 sp. nov. 
InaCC F965! Fusarium kotabaruense sp. nov. 31 


100/1 


100/1 
100/1 


x2 99/1 
100/1 
99/1 
85/- 


99/1 


-/0.98 
98/1 
100/1 
-10.95 

-/0.99 
54/0.97 
62/0.99 


VA) VA | 
Veo 


co 
= 
= 
ON] 
Y NEN N NI 


— "— 


co 
eo 
$, 


100/1 


Fusarium circinatum NRRL 25331 
Fusarium fujikuroi NRRL 13566 


0.04 
Fig. 3 Maximum likelihood tree inferred from the combined cmdA, ITS, rpb2, tef1, and LSU sequence datasets of the Fusarium incarnatum-equiseti species 
complex (FIESC) including 11 Indonesian isolates (indicated in blue). Bootstrap support values and Bayesian posterior probabilities are given at each node. 
The tree is rooted to Fusarium circinatum (NRRL 25331) and Fusarium fujikuroi (NRRL 13566). 
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analyses lasted until the average standard deviations of split fre- 
quencies were below 0.01 with phylogenies saved every 1000 
generations. The first 25 % of saved trees were discarded as 
the 'burn-in' phase and the 50 % consensus trees and posterior 
probabilities (PP) were determined from the remaining trees. 
All the sequences generated in this study were deposited in 
GenBank and the European Nucleotide Archive (ENA) and the 
alignments in TreeBASE. 


Pathogenicity 


Representative isolates from the different Fusarium species 
were selected for pathogenicity assays. Fusarium odoratis- 
simum, Tropical Race 4 (TR4) isolate InaCC F856, was used 
as a positive control, and negative controls were treated with 
sterile water only. Two to three-month-old banana plants of 
the Cavendish variety Grand Naine were used in green house 
controlled conditions (constant day temperature of 25 °C, night 
temperature of 23 °C, ambient lightuntil max. 16 h, and a rela- 
tive humidity of > 75 %). Preparation of the fungal inoculum, 
pathogenicity tests and severity scoring followed the protocol 
of Maryani et al. (2019). Five plant replicates were included for 
each isolate tested and 7 wk after inoculation disease severity 
was evaluated by scoring external foliage and internal corm 
symptoms. 


RESULTS 


In total, 20 isolates were identified that did not belong to the 
Fusarium oxysporum species complex (FOSC). These isolates 
were recovered from 13 banana varieties from the islands of 


Fig.4 Maximum likelihood tree inferred from the combined rpb1 and rpb2 
sequence datasets of the Fusarium sambucinum species complex (FSSC) 
including one Indonesian isolate InaCC F974 (indicated in blue). Bootstrap 
support values and Bayesian posterior probabilities are given at each node. 
The tree is rooted to Fusarium circinatum (NRRL 25331) and Fusarium 
fujikuroi (NRRL 13566). 


F. circinatum NRRL 25331 


F. fujikuroi NRRL 13566 


Flores, Java, Kalimantan, and Sulawesi (Table 1). An initial 
preliminary phylogenetic inference based on rpb2 sequence 
data, demonstrated that most isolates belonged to the Fusarium 
incarnatum-equiseti species complex (FIESC, 11 isolates), fol- 
lowed by the F. fujikuroi species complex (FFSC, eight isolates), 
and the F. sambucinum species complex (FSSC, one isolate) 
(Fig. 1). Nine isolates in FIESC originated from Kalimantan, iso- 
lated from Musa sp. variety Pisang Awak (ABB), Pisang Kepok 
(ABB), and Pisang Talas (AA) and two isolates from Sulawesi, 
isolated from Musa acuminata var. Pisang Cere (AAA). The 
majority of the isolates in FFSC were isolated from bananas 
varieties in Java. The only isolate in the FSSC was isolated from 
the variety Pisang Awak (ABB) in Central Kalimantan. Fusarium 
isolates belonging to different species complexes were in some 
cases recovered from the same sample: isolate InaCC F962 in 
the FFSC and isolate Indo175 in the FIESC were isolated from 
the same sample of Musa acuminata var. Pisang Talas (AA) 
from South Kalimantan. In the FFSC, isolate InaCC F993 and 
Indo 213 were also isolated from a sample of Musa acuminata 
var. Pisang Mas Kirana (AA) from East Java. Additionally, dif- 
ferent banana varieties were found to be associated with the 
same Fusarium species (Table 1). 


Fusarium fujikuroi species complex (FFSC) phylogeny 


The eight isolates belonging to the FFSC were further analysed 
using a multi-gene phylogeny based on cmdA, rpb1, rpb2, tef1, 
and tub. The final alignment included 4795 characters (cmdA 
545, rpb1 1534, rpb2 1551, tef 677 and tub 488) including align- 
ment gaps, and encompassed 54 isolates, with two outgroup 
taxa (F. oxysporum CBS 716.74 and CBS 744.97) (Table 2). 
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The analysis was consistently able to distinguish the three bio- 
geographical clades known as the African, American and Asian 
clades sensu O'Donnell et al. (1998a). All of the Indonesian 
isolates clustered within the Asian clade of FFSC except for 
isolate InaCC F991, identified as F. verticilloides, and clustered 
within the African clade (Fig. 2). According to the multi-gene 
analysis, two isolates (InaCC F962 and InaCC F992) were 
identified as F. proliferatum, while two new phylogenetic spe- 
cies were recognised among the Indonesian isolates. Isolates 
InaCC F872 and InaCC F993, from central and East Java, 
respectively, clustered in a distinct, highly supported clade (96 
bs/0.99 pp) closely related to F. mangiferae. Isolates InaCC 
F950-152, formed a distinct group (100 bs/1.0 pp), closely 
related to, but genetically distinct from F. sacchari. 


Fusarium incarnatum-equiseti species complex (FIESC) 
phylogeny 

The 11 isolates belonging to the FIESC were assessed using a 
more inclusive analysis based on five loci (cmdA, ITS, LSU, rpb2 
and teff; Fig. 3). The alignment consisted of a total 2746 char- 
acters (cmdA 653, ITS 510, LSU 562, rpb2 597 and tef1 424), 
from 93 isolates, including all the phylogenetic clades known in 
this species complex plus two outgroup taxa (Fusarium circina- 
tum NRRL 25331 and F. fujikuroi NRRL 13566). Multi-gene phy- 
logenetic inference was able to recognise six new phylogenetic 
species in the FIESC. The number of new phylogenetic species 
recognised is equally distributed in the incarnatum clade and the 
equiseti clade (three new phylospecies each) sensu O'Donnell 


et al. (2009). In the incarnatum clade, isolates InaCC F940, 
InaCC F941, Indo167, InaCC F964, Indo186, and Indo188 
clustered in a distinct clade (55 bp/0.99 pp) closely related to 
the phylogenetic species FIESC-16 which is introduced here as 
phylogenetic species FIESC-32. These isolates were obtained 
from five different banana variety hosts in Sulawesi and Kali- 
mantan. The other two new species in the incarnatum clade are 
monotypic lineages represented by isolate Indo161 (99 bp/1 
pp) closely related to FIESC-26 and isolate InaCC F965 (50 bp/ 
1 pp) closely related to FIESC-24, introduced as phylogenetic 
species FIESC-33 and FIESC-34, respectively. In the equiseti 
clade, three isolates: Indo174 (99 bp/1 pp) closely related 
to FIESC-1; Indo175 (-/1 pp) and InaCC F963 (55 bp/1 pp), 
both isolates closely related to FIESC-13, formed monotypic 
lineages which are introduced here as FIESC-29, FIESC-30, 
and FIESC-31, respectively. These phylogenetic species were 
isolated from two banana varieties in relatively close proximity 
in South Kalimantan. 


Fusarium sambucinum species complex (FSSC) phylogeny 


The single Indonesian isolate in the FSSC was further ana- 
lysed using a two-gene phylogeny based on rpb1 and rpb2 
sequences. The analysis included a total of 2461 characters 
(rpb1 854 and rpb2 1607) from a total of 21 isolates representing 
the FSSC and two outgroup taxa (F. circinatum NRRL 25331 
and F. fujikuroi NRRL 13566). Isolate InaCC F974 was identified 
as F. longipes (Fig. 4) based on phylogenetic inference. 


Fig. 5 Pathogenicity test of Fusarium spp. that belong to other species complexes. a. Plants before inoculation; b. wilting symptom caused by Fusarium 
odoratissimum InaCC F856, seven weeks after inoculation; c. control; d. positive control Fusarium odoratissimum (InaCC F856); e. Fusarium proliferatum 
(InaCC F992); f. Fusarium desaboruense (InaCC F950); g. Fusarium lumajangense (InaCC F872"); h. Fusarium longipes (InaCC F974); i. FIESC (Indo161); 


j. Fusarium lumajangense (InaCC F993). 
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Pathogenicity 


Representative isolates from each species complex were tested 
for their pathogenicity against banana variety Cavendish 
(Fig. 5). Selected isolates included InaCC F872, InaCC F950, 
and InaCC F992 (FFSC), InaCC F962 (FIESC), InaCC F974 
(FSSC). None of the isolates was able to cause any disease 
symptoms in the inoculated plants. All of the isolates tested 
caused only slight discoloration in the corm without any further 
disease development. 


Taxonomy 


The Fusarium species in each complex and novel species 
identified in this study are described below. 


Fusarium lumajangense N. Maryani, Sand.-Den., L. Lombard, 
Kema & Crous, sp. nov. — MycoBank MB828960; Fig. 6 


Etymology. Name refers to Lumajang, the region from where this species 
was collected in Indonesia. 


Typus. InponesiA, Desa Kandang Kepus, Kecamatan Senduro, Lumajang, 
East Java (E113°4'157" S8°4'46"), in infected pseudostem of Musa acuminata 
var. Pisang Mas Kirana (AA), 17 July 2014, N. Maryani (holotype specimen 
and culture, InaCC F872, preserved in metabolically inactive state). 


Sporulation abundant from conidiophores carried on aerial my- 
celium and from sporodochia. Conidiophores on aerial myce- 
lium, septate, branching profusely, irregularly or sympodially 
or reduced to solitary conidiogenous cells formed laterally on 
aerial hyphae; conidiogenous cells mono- or polyphialidic, 
acute, subulate or subcylindrical, smooth- and thin-walled 
(6-)10-22.5(-31.5) x 2-3(-4) um, formed terminally and 
singly on conidiophores or intercalary, often proliferating per- 
currently; periclinal thickening inconspicuous or absent; conidia 
of two types: a) (microconidia) ovoid to ellipsoid, smooth- and 
thin-walled, (6—)9—18(—23) x (2—)3(—5) um (av. 13 x 4 um), 
0—1-septate, arranged in false heads on monophialides; and b) 
(macroconidia) falcate and multiseptate, apical cells papillate, 
basal cells indistinct or foot-shaped, (1-2—)3-septate, formed 
on polyphialides; 1-septate conidia 18.5 x 3.5 um; 2-septate 
conidia 40 x 4 um; 3-septate conidia (26—)29—39.5(—44.5) 
x (3-)3.5-4.5(-5.5) um; av. (18.5-)28-39.5(-44.5) x 
(3-)3.5-4.5(-5.5) um. Sporodochia formed abundantly on 
surface of carnation leaves after 7 d, pale orange to orange. 
Conidiophores on sporodochia, septate, mostly unbranched or 
rarely sparsely and irregularly branched, bearing terminal mono- 
phialides, carried singly or grouped in verticillately branched; co- 
nidiogenous cells monophialidic, ampulliform, doliiform to sub- 
cylindrical, smooth- and thin-walled, (11.5-)12.5-18.5(-23.5) x 
(2-)3—4 (-4.5) um, proliferating percurrently several times, with 
short collarets and inconspicuous periclinal thickening; sporo- 
dochial conidia falcate, apical cells gently curved, papillate, 
basal cells slightly curved, foot-shaped, 3—5-septate: 3-sep- 
tate conidia, (30—)34.5—46.5(-54) x 3.5-4.5 um; 4-septate 
conidia, 41-48(-52.5) x (3-)3.5-4.5 um; 5-septate conidia, 
(42.5-)45-53(-56) x 3.5-4.5 um; av. (30—)40—50.5(—56) x 
(3-)3.5-4(-4.5) um. Chlamydospores not observed. 

Culture characteristics — Colony on PDA showing optimal 
growth at 25 *C with an average growth rate of 3.5-4.6 mm/d. 
Colony reverse, lilac to violet becoming white towards the 
margin, later becoming dark purple with time. Colony surface 
dry, white becoming livid purple towards the margin, turning 
completely purple with age. Aerial mycelium abundant, cottony, 
with moderate sporulation and lacking exudates. 

Geography & Host — Lumajang, East Java, Musa acumi- 
nata. var. Pisang Mas Kirana (AA). 

Pathogenicity — Non-pathogenic on Cavendish (AAA). 


Additional material examined. Indonesia, Desa Kandang Kepus, Ke- 
camatan Senduro, Lumajang, East Java (E113°4'157" S8°4'46"), in infected 


pseudostem of Musa acuminata var. Pisang Mas Kirana (AA), 17 July 2014, 
N. Maryani (InaCC F993). 


Notes — Fusarium lumajangense exhibits similar morpho- 
logical features to F. mangiferae (Britz et al. 2002), also clus- 
tering in a sister relationship with the latter species. However, 
besides its clear phylogenetic delimitation, the polyphialides 
found in F. lumajangense commonly present two conidiogenous 
loci. 


Fusarium desaboruense N. Maryani, Sand.-Den., L. Lombard, 
Kema & Crous, sp. nov. — MycoBank MB828961; Fig. 7 


Etymology. Name refers to Desa Boru, the village from where this species 
was collected in Indonesia. 


Typus. InDonesia, Desa Boru, Kecamatan Waigate, Sikka Flores, East 
Nusa Tenggara (E122°22'7" S8°36'49"), on infected pseudostem of Musa 
sp. var. Pisang Kepok (ABB), 17 Aug. 2015, N. Maryani (holotype specimen 
and culture, InaCC F951, preserved in metabolically inactive state). 


Sporulation abundant from conidiophores carried on aerial 
mycelium and from sporodochia. Conidiophores on aerial myce- 
lium abundant on PDA and SNA, less frequent on CLA, septate, 
sparingly or profusely branching irregularly or sympodially, 
rarely reduced to solitary conidiogenous cells, formed laterally 
on aerial hyphae; conidiogenous cells mono- or polyphialidic, 
acute, subulate or subcylindrical, smooth- and thin-walled 
(6-)15-33(-44) x (2-)2.5—4 (-7) um (av. 21.5 x 3 um), formed 
terminally, singly or in whorls on conidiophores or intercalary, 
proliferating percurrently, periclinal thickening inconspicuous 
or absent; conidia of two types: a) (microconidia) ovoid to el- 
lipsoid, smooth- and thin-walled, (10—)11—16(-18) x (4 —)6(-7) 
um (av. 13 x 5 um), 0—1-septate, arranged in false heads on 
monophialides; and b) (macroconidia) falcate and multiseptate, 
apical cells papillate, basal cells indistinct or foot-shaped, 
1—3-septate, formed on polyphialides: 1-septate conidia 22.5— 
26(-27) x 3.4-4 um; 2-septate conidia (21.5-)22-26 x 
3-4.5 um; 3-septate conidia (23—)24.5—34 (—37) x 3-4.5 um; 
av. (21.5-)22-30.5(-37) x 3—4.5 um. Sporodochia formed 
abundantly on CLA after 7 d, pale orange to orange. Conidio- 
phores in sporodochia unbranched, rarely laterally branched 
up to two times; conidiogenous cells monophialidic, smooth- 
and thin-walled (15.5—)16.5—24(—29) x (2.5-)3-4 um (av. 20 
x 3.5 um), solitary, terminal or lateral, or in terminal groups of 
up to three conidiogenous cells, with minute collarettes and 
periclinal thickening; sporodochial conidia falcate, apical cells 
gently curved, papillate, basal cells gently curved, foot-shaped, 
1-3(-4)septate: 1-septate conidia (14.5-)15-20.5(-22) x 
3.5-4.5 um; 2-septate conidia (20.5—)21.5—24 x 3.5-4.5(-5) 
um; 3-septate conidia (21—)24—29(—-31.5) x (3.5-)4-5(-5.5 
um; 4-septate conidia 34 x 5.5 um; av. (14.5-)20-28(-34.5 
x (3.5-)4-5(-5.5) um. Chlamydospores not observed. 

Culture characteristics — Colony on PDA showing optimal 
growth at 25 °C with an average growth rate of 4.9—5.2 mm/d. 
Colony reverse, pale violet becoming white towards the mar- 
gins, turning violet with age and pigmented. Colony surface 
cottony, pale violet, becoming white with age, immersed my- 
celium becoming purple and lacking exudates. Aerial mycelium 
abundant, cottony, with abundant sporulation. 

Geography & Host — Sikka Flores, East Nusa Tenggara, 
Musa sp. var. Pisang Kepok (ABB). 

Pathogenicity — Not pathogenic on Cavendish (AAA). 


== 


Additional materials examined. INboNEsiA, Desa Boru, Kecamatan Wai- 
gate, Sikka Flores, East Nusa Tenggara (E122°22'7" S8°36'49"), on infected 
pseudostem of Musa sp. var. Pisang Kepok (ABB), 17 Aug. 2015, N. Maryani 
(InaCC F950, InaCC F952). 


Notes — Morphologically very similar to F. sacchari (Leslie 
8 Summerell 2006) and F. subglutinans (Nelson et al. 1983), 
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Fig. 6 Fusarium lumajangense (ex-type InaCC F993). a. Culture grown on PDA; b—c. sporodochia on carnation leaves; d—i. aerial conidiophores and phi- 
alides; j—m. aerial conidia; n—p. sporodochial conidiophores and phialides; q—s. sporodochial conidia. — Scale bars: b—d = 50 um; e = 5 um; f—s = 10 um. 
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Fig. 7 Fusarium desaboruense (ex-type InaCC F950). a. Culture grown on PDA; b—c. sporodochia on carnation leaves; d—h. aerial conidiophores and 
conidiogenous cells; i—k. aerial conidia; l. sporodochial conidiophores and phialides; m. sporodochial conidia. — Scale bars: b-d = 20 um; e—m = 10 um. 
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Fig. 8 Fusarium tanahbumbuense (ex-type InaCC F965). a. Culture grown on PDA; b—c. sporodochia on carnation leaves; d—g. aerial conidiophores and 
conidiogenous cells; h—i. aerial conidia; j-l. sporodochial conidiophores and conidiogenous cells; m—o. sporodochial conidia. — Scale bars: b—c = 50 um; 
d—o = 10 um. 
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except that this species produces sporodochia abundantly un- 
der regular culturing conditions. Fusarium desaboruense can be 
distinguished by the septation of its macroconidia (1—4-septate) 
and microconidia (1—3-septate), not observed in F. saccari 
(Leslie & Summerell 2006). Phylogenetic analyses of partial 
rpb2 gene sequences recognised this species as distinct from 
F. sacchari with strong support of BP 99 %. 


Fusarium tanahbumbuense N. Maryani, Sand.-Den., L. Lom- 
bard, Kema & Crous, sp. nov. — MycoBank MB828962; Fig. 8 


Etymology. Name refers to Tanah Bumbu, the region from where this 
species was collected in Indonesia. 


Typus. Indonesia, Desa Betung, Kecamatan Kusan Hilir, Tanah Bumbu, 
Kalimantan Selatan (E115°37'477" S3°50'77"), on infected pseudostem of 
Musa sp. var. Pisang Hawa (ABB), 20 June 2014, N. Maryani (holotype 
specimen and culture, InaCC F965, preserved in metabolically inactive state). 


Sporulation abundant from conidiophores borne on aerial myce- 
lium and from sporodochia. Conidiophores on aerial mycelium 
abundant on PDA, SNA, and CLA, septate, irregularly of verticil- 
lately branched; conidiogenous cells monophialidic or polyphi- 
alidic, subulate or subcylindrical, smooth- and thin-walled, 
(11-)13-24(-38) x (4-)5-6(-7) um (av. 19 x 6 um), formed 
terminally, singly or in groups of up to three cells on a stipe, or 
carried singly and laterally on aerial mycelium, collarettes and 
periclinal thickening inconspicuous or absent; conidia of one 
type (macroconidia) falcate and multiseptate, apical cells coni- 
cal to papillate, basal cells indistinct or foot-shaped, 3—5-sep- 
tate, formed on both mono- and polyphialides, 3-septate 
conidia, 31-36(-38.5) x 3.5—5(—5.5) um; 4-septate conidia, 
(31-)33.5-43.5(-48) x 3.5-5(-5.5) um; 5-septate conidia, 
(30-)37-45(-47) x 4—5.5(-6) um; av. (30-)34.5-44(-48) x 
(3.5-)4-5.5(-6) um. Sporodochia formed abundantly on CLA 
after 7 d, pale orange; conidiophores in sporodochia irregularly 


Fig. 9 Fusarium sulawense (ex-type InaCC F964). a. Culture grown on PDA; b—c. sporodochia on carnation leaves; d—h. aerial conidiophores and conidio- 
genous cells; i. aerial conidia; j-k. sporodochial conidiophores and conidiogenous cells; I-m. sporodochial conidia. — Scale bars: b—c = 50 um; d-g, i-m = 


10 um; h = 5 um. 
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Fig.10 Fusarium kotabaruense (ex-type InaCC F963). a. Culture grown on PDA; b. mycelium on carnation leaves; c—h. conidiophores and conidiogenous 
cells; i-k. conidia. — Scale bars: b = 200 um; c—d = 50 um; e-f, h—k = 10 um; g = 5 um. 
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andlaterally branched; conidiogenous cells monophialidic, dolii- 
form to ampulliform, smooth- and thin-walled, (9.5—)10—13(—15) 
x (2.5-)3-4 um (av. 11.5 x 3.5 um), collarettes or periclinal 
thickening inconspicuous or absent; sporodochial conidia fal- 
cate, apical cells gently curved, papillate; basal cells slightly 
curved, foot-shaped, (2-)3—5-septate: 2-septate conidia, 40.5 
x 4.5 um; 3-septate conidia, (25.5-)29-36.5(-41) x 3.5-4.5 
um; 4-septate conidia, (32.5-)34-40(-46) x 3.5-4.5(-5) 
um; 5-septate conidia, (36-)37-43.5(-49) x 3.5-4.5(-5) 
um; av. (25.5-)32-41.5(-49) x 3.5-5 um. Chlamydospores 
not observed. 

Culture characteristics — Colony on PDA showing optimal 
growth at 25 °C with an average growth rate of 1.3-2.2 mm/d. 
Colony reverse, rosy buff becoming white towards the margins, 
turning cinnamon to fawn with age and pigmented. Colony 
surface cottony, rosy buff becoming white towards the margin, 
turning hazel with age. Aerial mycelium abundant, cottony, with 
high sporulation and lacking exudates. 

Geography 8 Host — Tanah Bumbu, South Kalimantan, 
Musa sp. var. Pisang Hawa (ABB). 

Pathogenicity — NA. 


Notes — Fusarium tanahbumbuense can be distinguished 
from the fungus illustrated as F. semitectum by Leslie 8 Sum- 
merell (2006) and Nelson et al. (1983) by the absence of micro- 
conidia and chlamydospores. The polyphialides observed for 
this species also greatly differed from those that have been 
observed for F. semitectum which have 3-5 openings (Nelson 
et al. 1983). 


Fusarium sulawense N. Maryani, Sand.-Den., L. Lombard, 
Kema & Crous, sp. nov. — MycoBank MB828963; Fig. 9 


Etymology. Name refers to Sulawesi, the island from where this species 
was collected in Indonesia. 


Typus. INDONESIA, Desa Seli, Kecamatan Bengo, Bone, Sulawesi Selatan 
(E120°1'12.8" S4°37'26"), on infected pseudostem of Musa acuminata var. 
Pisang Cere (AAA), 12 Aug. 2015, N. Maryani (holotype specimen and cul- 
ture, InaCC F940, preserved in metabolically inactive state). 


Sporulation abundant from conidiophores carried on aerial myce- 
lium and from sporodochia. Conidiophores on aerial mycelium 
abundant on PDA and SNA, less frequent on CLA, septate, 
irregularly or verticillately branched; conidiogenous cells 
mono- or polyphialidic, subulate to subcylindrical, smooth- and 
thin-walled, (8.5—)14—22.5(-27) x (2-)2.5-4(-4.5) um (av. 
18 x 3 um), formed singly, laterally or terminally, or more often 
in groups of 2—3 cells, sometimes proliferating percurrently, 
collarettes and periclinal thickening inconspicuous or absent; 
conidia of one type (macroconidia), falcate and multiseptate, 
apical cells papillate, basal cells indistinct or foot-shaped, 
3—5(-9)-septate, formed on both mono- and polyphialides, 
3-septate conidia, 20.5-47.5(-55) x 3.5—5 um; 5-septate 
conidia, (33.5-)39.5-48(-50.5) x (4-)4.5-5.5 um; 6-sep- 
tate conidia, 51.5 x 6 um; 9-septate conidia, 67 x 5.5 um; av. 
(20.5-)36-51(-67.5) x (3.5-)4-5.5(-6) um. Sporodochia 
formed rarely on CLA after 7 d, pale orange; conidiophores 
in sporodochia unbranched or irregularly branched, densely 
packed, bearing terminal clusters of 2—5 conidiogenous cells; 
conidiogenous cells monophialidic, short ampulliform, smooth- 
and thin-walled, (8.5—)9—11.5(—13) x (3—-)3.5-5(-5.5) um 
(av. 10.5 x 4.5 um) with a minute collarette and inconspicu- 
ous periclinal thickening; sporodochial conidia falcate, apical 
cells gently curved, papillate; basal cells slightly curved, foot- 
shaped, (3-)5(-6)-septate: 3-septate conidia, (29.5—)30—44 
x 4—4.5 um; 4-septate conidia, 30 x 5.5 um; 5-septate conidia, 
(30—)36—41.5(-43.5) x (3.5—)4—5(-5.5) um; 6-septate conidia 
43.5 x 5 um; av. (30—)36-41.5(-44) x (3.5-)4-5(-5.5) um. 
Chlamydospores not observed. 


Culture characteristics — Colony on PDA showing optimal 
growth at 25 °C with an average growth rate of 5.2—6.0 mm/d. 
Colony reverse rosy buff becoming white towards the margins. 
Colony surface dry, cottony, saffron. Aerial mycelium abundant, 
cottony, with high sporulation and lacking exudates. 

Geography & Host — Bone, South Sulawesi, Musa acumi- 
nata var. Pisang Cere (AAA). 

Pathogenicity — Non-pathogenic on Cavendish (AAA). 


Additional material examined. Indonesia, Desa Sungai Birah, Kecamatan 
Pamukan Barat, Kota Baru, Kalimantan Selatan (E115°59'982" S2°22'883"), 
on infected pseudostem of Musa var. Pisang Hawa (ABB), 19 June 2014, 
N. Maryani (InaCC F964). 


Notes — Fusarium sulawense is relatively fast growing (av. 5.2— 
6.0 mm/d) compared to its sister species in the Incarnatum 
clade, FIESC-34 (av. 1.3-2.2 mm/d). Members of this species 
were recovered from different banana varieties in the Kali- 
mantan and Sulawesi islands of Indonesia. 


Fusarium kotabaruense N. Maryani, Sand.-Den., L. Lombard, 
Kema & Crous, sp. nov. — MycoBank MB828964; Fig. 10 


Etymology. Name refers to Kota Baru one of the nine regencies in the 
Indonesian province of South Kalimantan. 


Typus. Indonesia, Desa Sungai Birah, Kecamatan Pamukan Barat, Kota 
Baru, Kalimantan Selatan (E115°59'982" S2°22'883"), on infected pseudo- 
stem of Musa var. Pisang Hawa (ABB), 19 June 2014, N. Maryani (holotype 
specimen and culture, InaCC F963, preserved in metabolically inactive state). 


Sporulation abundant from conidiophores carried on aerial 
mycelium. Conidiophores on aerial mycelium abundant on PDA 
and SNA, less frequent on CLA, septate, irregularly branching; 
conidiogenous cells mono- or polyphialidic, subulate to sub- 
cylindrical, smooth- and thin-walled, (15—)19—33(—40) x 4-7 
um (av. 26 x 5 um), forming terminally, singly or in verticillately 
branched conidiophores, less commonly laterally or intercalary, 
proliferating percurrently, periclinal thickening inconspicuous or 
absent; falcate and multiseptate, apical cells papillate, basal 
cells indistinct or foot-shaped, (2—)3—5(-7)-septate, formed on 
both mono- and polyphialides: 2-septate conidia, (21—)21.5— 
25(-26) x 5-6 um; 3-septate conidia, (24.5-)28-35(-36.5) 
x 5.5-6.5(-7) um; 4-septate conidia, (32-)34-39.5(-41.5) 
x 5.5-6.5(—7) um; 5-septate conidia, (34.5—)36—42.5(-45) 
x (5-)5.5-6.5(-7.5) um; 6-septate conidia, 39—40.5 x 5.5-7 
um; 7-septate conidia, (38.5-)39.5-44(-45) x 6-7 um; av. 
(21-)31.5-41.5(-45) x (5-)5.5-6.5(-7.5) um. Sporodochia 
and chlamydospores not observed. 

Culture characteristics — Colony on PDA showing optimal 
growth at 25 °C with an average growth rate of 5.0—6.85 mm/d. 
Colony reverse rosy buff. Colony surface cottony rosy buff. 
Aerial mycelium abundant, cottony, with high sporulation and 
lacking exudates. 

Geography & Host — Kota Baru, South Kalimantan, Musa 
sp. var. Pisang Hawa (ABB). 

Pathogenicity — Non-pathogenic on Cavendish (AAA). 


Notes — Fusarium kotabaruense represents a species in 
the Equiseti clade of the FIESC and relatively fast growing 
(5.0—6.85 mm/d). Most distinguishing characteristic of this spe- 
cies is the absence of sporodochia on CLA culture. However, 
aerial conidiophores are abundant with conidia produced with 
high variability in its septation, (0—)3—5(-7)-septate. 


Fusarium longipes Wollenw. & Reinking, Phytopathology 15: 
160. 1925 — Fig. 11 


Sporulation abundant from conidiophores carried on aerial my- 
celium and from sporodochia. Conidiophores on aerial myce- 
lium abundant on PDA and SNA, rare on CLA, septate, branch- 
ing irregularly, mostly reduced to solitary conidiogenous cells 
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formed singly and laterally on aerial hyphae; conidiogenous 
cells monophialidic, doliiform to ampulliform, smooth- and 
thin-walled, (7-)10-13(-15) x 3-4(-5) um (av. 12 x 6 um), 
formed laterally on aerial hyphae or clustering terminally on 
conidiophores, with a minute collarette; conidia (microconidia) 
obovoid to ellipsoid, rough- and thin-walled, (7—)10-19(-23) x 
(3-)4(-5) um (av. 15 x 4 um), 0—2-septate, arranged in false 
heads on monophialides. Sporodochia formed abundantly 
on CLA after 7 d, bright orange, later turning red to purple; 
conidiophores in sporodochia highly irregularly or verticil- 
lately branched, sympodially to solitary conidiogenous cells; 
conidiogenous cells monophialidic, doliiform, ampulliform to 
subcylindrical, 7-11(-14) x (2-)2.5-3.5(-4) um (av. 9.5 x 3 
um), with inconspicuous collarets; sporodochial conidia falcate, 
apical cells strongly curved, tapering and whip-like with rounded 
apex, basal cells foot-shaped and elongated, (3—)4—5-septate: 
3-septate conidia, 28.5 x 3.5 um; 4-septate conidia, (37—)38—43 
(743.5) x 4.5—5.5 um; 5-septate conidia, (37—)42—49.5 (—53.5) 
x (3.5-)4.5—5(-6) um; av. (28.5-)40.5-49.5(-53.5) x (3-)4— 
5(-6) um. Chlamydospores ellipsoid, sub-globose to globose, 
formed intercalary or terminal, single or in pairs, or in clumps, 
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(7-)10-13(-15) x (7-)9—13(-14) um (av. 12 x 11 um), brown, 
rough-walled. 

Culture characteristics — Colony on PDA showing optimal 
growth at 25 °C with an average growth rate of 4.2—4.9 mm/d. 
Colony reverse livid red becoming white towards the margin, 
becoming completely livid red to bay with age. Colony surface 
cottony greyish rose becoming vinaceous with age and white 
toward the margins. Aerial mycelium abundant, cottony, with 
high sporulation and lacking exudates. Sporodochia formed 
abundantly on CLA after 7 d, pale orange to orange. 

Geography & Host — Katingan, Central Kalimantan, Musa 
sp. var. Pisang Awak (ABB). 

Pathogenicity — Non-pathogenic on Cavendish (AAA). 


Material examined. Indonesia, Desa Tewang Menyangen, T. Sangalang, 
Katingan, Central Kalimantan (E113°6'552" S1*41'83"), on infected pseudo- 
stem of Musa var. Pisang Awak (ABB), 23 June 2014, N. Maryani (specimen 
and culture, InaCC F974, preserved in metabolically inactive state). 


Notes — This banana isolate of F. longipes displays some 
unique characteristics which differ slightly from F. longipes 
vide Leslie & Summerell (2006), which include the presence of 
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Fig. 11 Fusarium longipes (InaCC F974). a. Culture grown on PDA; b—c. sporodochia on carnation leaves; d. sporodochial conidiophores; e—f. branched 
conidiophores; g. falcate-shaped macroconidia; h. microconidia; i. chlamydospores. — Scale bars: b—k = 10 um. 
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microconidia and chlamydospores. This species is more similar 
to F. equiseti as described by Nelson et al. (1983), except for 
the length of the long curvature of the macroconidia. Additio- 
nally, the chlamydospore formation also differs from the original 
description of F. longipes. 


DISCUSSION 


This study further expands our knowledge on the diversity 
of Fusarium species isolated from banana plants displaying 
symptoms of Fusarium wilt in Indonesia, the centre of origin 
for this economically important crop. lt is not surprising that 
90 % of the isolates recovered from the samples were mem- 
bers of FOSC, as the diseased pseudostem of banana served 
as source of isolation (Maryani et al. 2019). However, the 
remaining isolates were tentatively identified as members of 
other Fusarium species complexes, which included the FIESC, 
FSSC, and FFSC. Remarkably, only Fusarium species were 
isolated, while no other fungal genera could be recovered 
from the banana samples. This indicates a marked dominance 
of Fusarium in diseased banana plants. It is well known that 
Fusarium is commonly associated with higher plants, being 
ubiquitous in terrestrial ecosystems, especially in the tropics, 
where most diseases on perennial crops are induced by this 
genus (Ploetz 2006b). It has also been suggested that for any 
Fusarium associated disease found in plants, many other Fusa- 
rium species also reside in the same host as endophytes (Leslie 
8 Summerell 2006). Moreover, the samples were collected 
from locations in Indonesia where bananas are grown in mixed 
backyard ecosystems with other tropical crops (Maryani et al. 
2019). This ecological niche enhanced the chance that a much 
higher diversity of Fusarium species would be discovered than 
expected. 


We were able to identify a total of 20 isolates collected from pseu- 
dostems of banana plants displaying symptoms of Fusarium 
wilt that did not belong to FOSC. These isolates were found 
to belong to three different Fusarium species complexes of 
which eight represented novel phylogenetic species in the 
FFSC and FIESC. Information regarding Fusarium spp. other 
than F. oxysporum in banana is scarce, since the majority of 
studies point to the specific detection and control of pathogenic 
strain of F. oxysporum (O'Donnell et al. 1998b, Ordonez et al. 
2015, Ploetz et al. 2015, Maryani et al. 2019). However, some 
studies have reported an abundance of Fusarium species 
in asymptomatic banana plant organs. Zakaria & Rahman 
(2011) identified F. oxysporum, F. semitectum and F. solani 
(current name Neocosmospora solani) in healthy roots of wild 
banana plants (Musa acuminata) in Malaysia and Fusarium 
concentricum was reported in Musa sapientum from Costa Rica 
(Nirenberg & O'Donnell 1998). Moreover, a higher diversity of 
Fusarium species has been reported from banana fruits, which 
included F. chlamydosporum, F. equiseti, F. proliferatum, F. sac- 
chari, F. subglutinans, and F. verticilloides (Jimenez et al. 1993, 
Moretti et al. 2004, Zheng et al. 2012). Two of these species, 
F. proliferatum and F. verticilloides, were also found in this study. 


Pathogenicity tests demonstrated that the Indonesian isolates 
were not pathogenic on the Cavendish banana variety Grand 
Naine. Moreover, our results indicate that these species more 
likely play an endophytic role, which is consistent with previous 
knowledge on asymptomatic/healthy banana plants (Zakaria 
& Rahman 2011). A similar case has been reported on vanilla 
stem rot disease in Indonesia. Pinaria et al. (2010) isolated 12 
Fusarium species from symptomatic vanilla stems. Pathogeni- 
city tests indicated that none of these caused any disease on 
vanilla plants, with the exception of F. oxysporum f. sp. vanillae. 
In another study, F. oxysporum f. sp. vasinfectum was found to 
be the only species that caused Fusarium wilt of cotton amongst 


20 Fusarium species isolated from wild Gossypium in Australia 
(Wang et al. 2004). 


The highest diversity of isolates obtained in this study belonged 
to the FIESC. This species complex displays a remarkable 
abundance of phylogenetic species diversity which include 
both animal and plant associated pathogens, plant endophytes 
and soil inhabitants (Leslie & Summerell 2006, O'Donnell et 
al. 2009, Villani et al. 2016). Many of the FIESC have been 
isolated from various plants displaying disease symptoms, but 
their pathogenicity was never established (Leslie & Summerell 
2006). Previous studies have reported the presence of FIESC 
in banana fruits and roots, as well as causing storage rot of 
bananas (Leslie & Summerell 2006, Zakaria & Rahman 2011, 
Zheng et al. 2012). However, this study represents the first 
report of FIESC from the pseudostem of bananas, indicating 
that members of this species complex have been isolated from 
every part of the banana plant. Thus far, species of the FIESC 
have been found to be more abundant in banana fruit, indica- 
ting a hemibiotrophic fungal lifestyle in plants (Bacon & Yates 
2006), and therefore these are often found in stored banana 
fruits, which are a very suitable environment for toxin producing 
fungal species like most FIESC members (Desjardins 2006). 


The second most diverse Fusarium species complex found in 
this study was the FFSC. Five species where identified from 
banana, including the common plant pathogenic species F. pro- 
liferatum and F. verticilloides. Additionally, two novel species, 
F. lumajangense and F. desaboruense, were also identified in 
this study. The FFSC is known to include species able to cause 
disease in a variety of important agronomic crops, especially in 
the tropics (O'Donnell et al. 1998b). Each of the novel species 
identified in this complex were closely related to recognized 
plant pathogens: F. lumajangense is phylogenetically and 
morphologically closely related to F. mangiferae, a species 
causing mango-malformation on mango (Mangifera indica), 
and F. desaboruense is closely related to F. sacchari, the causal 
agent of 'pokkah boeng’ disease on sugarcane (Handojo et al. 
1989, Britz et al. 2002). The plant pathogenic species F. proli- 
feratum, a well-known pathogen on maize, sorgum, mango, 
and asparagus, and F. verticilloides, a pathogen on maize 
(Handojo et al. 1989, Britz et al. 2002, Ploetz 2006b) and no- 
torious producer of fumonisins (Desjardin 2006), were isolated 
at low frequency. Interestingly, all the hosts mentioned above 
are present in Indonesia as important cultivated crops. More- 
over, Indonesian bananas are mainly produced in small scale 
household plantations and co-cultivated with other crops such 
as rice, maize, sugarcane, and other perennial tropical crops 
(Maryani et al. 2019). This complex agroecosystem from which 
our banana samples were obtained might explain the presence 
of FFSC species in banana plants affected by Fusarium wilt. 


Members of the FFSC isolated in this study were not pathogenic 
to the banana variety Cavendish. Fusarium fujikuroi, F. sacchari, 
F. subglutinans, and F. verticilloides have been reported from 
rice affected by 'Bakanae' disease, although, only F. fujikuroi, 
is known to cause the disease (Zainudin et al. 2008, Amatulli 
et al. 2010). A similar set of species in FFSC was also found 
in sugarcane, maize, and vanilla (Ploetz 2006b, Pinaria et al. 
2010), although their association with these crops, without 
inducing disease, is still unknown. Moreover, their presence 
suggests an endophytic life style, causing no harm to the host 
plants or perhaps acting as secondary invaders or saprobes 
as the isolates were obtained from diseased plants. However, 
banana plants might serve as an intermediate host, as sug- 
gested by Handojo et al. (1989) for ‘Pokkah boeng’ disease 
on sugarcane. 


A single isolate was found to belong to the FSSC, identified as 
F. longipes based on phylogenetic inference, a species abun- 
dant in tropical areas as a soil inhabitant or as a saprophyte 
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(Backhouse & Burgess 1995, Onyike & Nelson 1993). However, 
to our knowledge, our finding is the first report of this species 
from banana since the report of Reinking & Wollenweber 
(1927). They described F. longipes from mature living leaves 
of Musa sapientum in Honduras. Here, however, this species 
was cultured from the diseased pseudostem of banana variety 
Pisang Awak (ABB) on Kalimantan. This species appears to be 
commonly recovered from both healthy and diseased plants, 
suggesting that F. longipes could be endophytic in banana. This 
hypothesis was also further supported by the pathogenicity 
test conducted in this study. Fusarium longipes is known to be 
isolated more frequent during a higher rainfall period and under 
high temperatures (Burgess et al. 1988, Backhouse & Burgess 
1995). This is consistent with our findings where F. longipes 
was recovered from banana plants growing at a relatively high 
temperature (35 °C) and humidity (62 %). With morphological 
distinctions from the previous description of F. longipes, InaCC 
F974 found in this study might represent a novel species. More 
isolates and additional gene regions are needed to capture the 
possible diversity in morphology and phylogenetic relationships. 


Our current study highlights the diversity of Fusarium species 
in banana plants exhibiting Fusarium wilt. While only Fusarium 
spp. in the FOSC has been shown to be a true pathogen (Stover 
1962, Maryani et al. 2019), the role of the remaining species 
in banana plants requires further investigation. Whether these 
Fusarium species are true endophytes of the various varie- 
ties of banana sampled in this study, possible saprophytes or 
secondary pathogens should still be determined experimentally. 
Isolation from asymptomatic plants of similar banana varieties 
would provide possible evidence of an endophytic lifestyle of the 
Fusarium species reported here. Moreover, the pathogenicity 
of each species on their respective host varieties needs to be 
tested in the future. Such studies would also reveal whether 
banana plants serve as intermediate hosts for a particular Fusa- 
rium species. Lastly, there is no doubt that tropical areas in- 
cluding Indonesia should receive more attention when studying 
Fusarium biodiversity. 
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APPENDIX 


Recently Maryani et al. (2019) recognised nine independent 
genetic lineages in a collection of Fusarium oxysporum f. sp. 
cubense isolates obtained from Indonesia, one of which was 
named F tardicrescens. However, the holotype was incorrectly 
cited rendering the species invalid. Fusarium tardicrescens is 
therefore validated here. 


Fusarium tardicrescens N. Maryani, L. Lombard, Kema & 
Crous, sp. nov. — MycoBank MB828959 


Synonym: Fusarium tardicrescens N. Maryani et al., Stud. Mycol. 92: 
185. 2019. Nom. inval., Art. 40.7 (Shenzhen). 


Typus. Matawi, Karonga, Misuku Hills, Musa sapientum cv. Harare, 
1989, RC Ploetz (holotype specimen and culture, CBS 102024, preserved 
in metabolically inactive state). 


Description & Illustrations — Maryani et al. (2019). 


